
US Patent Application No. 10/090,819 



In the matter of 



RECEIVED 



DECLARATION 



OCT 2 5 2004 
technology Center 2600 



I, KAZUO HAYASHI, c/o YAMASHITA 8s ASSOCIATES of 
Toranomon 40th MT Bldg., 13-1, Toranomon 5-chome, Minato-ku, 
Tokyo 105-0001, Japan, do sincerely declare that I well understand 
the Japanese language and the English language and that the 
attached English translation of a certified copy of Japanese Patent 
Application No.078439/2001 is a true, correct and faithful 
translation to the best of my knowledge and belief from the Japanese 
language into the English language. 



October 7, 2004 




Kazuo Hayashi 
(Translator) 



(Translation) 



JAPAN PATENT OFFICE 



This is to certify that the annexed is a true copy of the following 
application as filed with this Office. 



Date of Application: March 19, 2001 

Application Number: Application for Patent No. 2001-078439 
[ST.10/C] : [ JP2001-078439] 

Applicant ( s ) : NEC Corporation 



Date: January 18, 2002 

Kozo OIKAWA 

Commissioner , 
Japan Patent Office 



Issue Number of Priority Document 
2001-3116368 



[Document Name] 
[Reference Number] 
[Filing Date] 
[Addressee] 
[IPC] 
[Inventor] 
[Address] 



APPLICATION FOR PATENT 
53400136 
March 19, 2001 
Commissioner of Patent Office 
H04B 7/06 

do NEC Corporation, 
7-1, Shiba 5-chome, Minato-ku, Tbkyo 
KatsuhiroISHn 



[Name] 
[Applicant] 

[Identification Number] 

[Name] 
[Representative] 

[Identification Number] 

[Patent Attorney] 

[Name] 

[Tblephone Number] 
[Indication of Official Fee] 

[Deposit Account Number] 

[Amount of Fee] 
[List of Documents Attached] 

[Name of Document] 

[Name of Document] 

[Name of Document] 

[General Power of Attorney Number] 9001713 
[Proof of Receipt] Necessary 



000004237 
NEC Corporation 

100065385 

JoheiY^VLASHITA 
03-343M831 

010700 
21,000Yen 

Specification 

Drawings 

Abstract 



1 
1 
1 




RECEIVED 

OCT 2 5 2004 



[Name of Document] Specification technology Center 2600 

[Title of the Invention] Transmitting Circuit and 

Communication Terminal Unit therewith 
[Scope of Claim] 

5 [Claim 1], A transmitting circuit using plural transmission 
frequency bands, comprising: 

an input stage amplifier for amplifying an 
input signal; 

an operating condition- setting circuit for 
10 controlling an optimally amplified frequency band by 
setting an operating condition of the input stage 
amplifier; 

a high-pass filter and low-pass filter 
connected to an output of the input stage amplifier; 

15 a high-frequency-band last stage amplifier, 

disposed corresponding to the high-pass filter, for 
amplifying a signal of frequency band passed by the high- 
pass filter; and 

a low- frequency-band last stage amplifier, 

20 disposed corresponding to the low-pass filter, for 
amplifying a signal of frequency band passed by the low- 
pass filter. 

[Claim 2] The transmitting circuit as set forth in claim 1, 
wherein the input stage amplifier is composed 
25 of transistors, and 

wherein the operating condition- setting circuit 
sets a bias voltage of the transistors. 

[Claim 3] The transmitting circuit as set forth in claim 1, 
wherein the high-pass filter and high- 
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frequency-band last stage amplifier correspond to the DCS 
1800 frequency band, and 

wherein the low-pass filter and low-frequency- 
band last stage amplifier correspond to the GSM 900 
5 frequency band. 

[Claim 4] The transmitting circuit as set forth in claim 1, 

wherein the input stage amplifier is a class C 

amplifier. 

[Claim 5] The transmitting circuit as set forth in claim 1, 
10 wherein all the amplifiers and filters are 

formed on the same semiconductor die. 

[Claim 6] The transmitting circuit as .set forth in claim 1, 
wherein each of the amplifiers is produced by 
GaAs process. 

15 [Claim 7] A communication terminal unit, comprising: 

an antenna for transmitting and receiving a 
signal; a receiving circuit for amplifying the signal 

received by the antenna; 

a demodulating circuit for demodulating the 
20 signal received from the receiving circuit; 

a base band signal-processing circuit for 
processing the demodulated signal; 

a modulating circuit for modulating the signal 
processed by the base band signal-processing circuit; 
25 a transmitting circuit for amplifying the 

modulated signal to be transmitted, the transmitting 
circuit being as set forth in any one of claims 1 to 6; 

means for designating a transmission frequency 
band to the operating condition-setting circuit of the 
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transmitting circuit; and 

a switching circuit for selectively connecting 
the receiving circuit or the transmitting circuit to the 
antenna. 

5 [Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a transmitting circuit 
for use with a mobile communication terminal unit, and in 
10 particular, to that using plural transmission frequency 
bands . 
[0002] 

[Description of the Prior Art] 

In the art of mobile communication, as the number of 

15 terminal units that are used is increased at an explosive 
pace, the traffic is also drastically increased. Thus, 
there are plural systems whose frequency bands are far 
apart. In addition, to improve users' convenience, there 
are market ' s needs of which one terminal unit can use the 

20 plural systems. 
[0003] 

In such a background, it is preferred to commonly use a 
part of circuits for plural frequency bands that are far 
apart, not mount all these circuits, from view points of 
25 cost and mounting area. This point is clear because there 
are market ' s needs in which terminal units tend to become 
small . 
[0004] 

Figs. 2 and 3 show examples of structures of conventional 
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transmission power amplifier circuits that can transmits 
signals of plural frequency bands. Fig. 2 shows an example 
of the structure of which a first stage amplifier and a 
second stage amplifier commonly use two frequency bands. 
5 Fig. 3 shows an example of the structure of which circuits 
for two frequency bands are independently disposed. 
[0005] 

[Problem to be Solved by the Invention] 
However, in the example of the structure shown in Fig. 2, 

10 although the number of structural parts is small, when the 
two frequency bands are far apart, it is very difficult to 
assure high efficiencies of a first stage amplifier 11 and 
a second stage amplifier 12. In addition, characteristics 
such as distortion of one frequency band are remarkably 

15 restricted. Moreover, depending on the structures of the 
first stage amplifier 11 and the second stage amplifier 12, 
it is impossible to decrease the levels of unnecessary 
radiation waves with last stage amplifiers 13 and 14. 
[0006] 

20 Unlike with the structure shown in Fig. 2, with the 
structure shown in Fig. 3, efficiencies and various 
characteristics of first stage amplifiers 21, 31 and second 
stage amplifiers 22, 32 can be optimized in their frequency 
bands. However, in this case, semiconductor dies for the 

25 first and second stage amplifiers and a space for matching 
circuits disposed upstream thereof are necessary in 
proportion to the number of frequency bands. Thus, this 
structure is not suitable from view points of cost and size. 
[0007] 
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In other words, when the conventional power amplifiers 
uses plural transmission frequencies, plural circuits 
having the same structure are disposed at the sacrifice of 
circuit scale. Alternatively, a part of circuits is 
5 commonly used at a sacrifice of efficiency and distortion 
of particular frequency band. 
[0008] 

An object of the present invention is to provide a 
transmitting circuit having transmission power amplifiers 
10 commonly used for plural frequency bands so as to reduce 
the number of structural parts and obtain optimal 
efficiencies and characteristics for individual frequency 
bands . 
[0009] 

15 [Means for Solving the Problem] 

To solve the above- described problem, the present 
invention is directed to a transmitting circuit using 
plural transmission frequency bands, comprising an input 
stage amplifier for amplifying an input signal, an 

20 operating condition-setting circuit for controlling an 
optimally amplified frequency band by setting an operating 
condition of the input stage amplifier, a high-pass filter 
and low-pass filter connected to an output of the input 
stage amplifier, a high-frequency-band last stage amplifier, 

25 disposed corresponding to the high-pass filter, for 
amplifying a signal of frequency band passed by the high- 
pass filter; and a low-frequency-band last stage amplifier, 
disposed corresponding to the low-pass filter, for 
amplifying a signal of frequency band passed by the low- 
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pass filter. The input stage amplifier is composed of 
transistors. The operating condition-setting circuit sets 
a bias voltage of the transistors. 
[0010] 

5 [Embodiments of the Invention] 

Next, with reference to the accompanying drawing, 
embodiments of the present invention will be described. 
[0011] 

Fig. 1 is a block diagram showing the structure of an 
10 internal circuit of a GSM (Global System for Mobile 
communications) 900 / DCS (Digital Cellular System) 1800 
dual frequency band power amplifier according to the 
present invention. According to the embodiment of the 
present invention, GSM 900 frequency band and DCS 1800 
15 frequency band represent a frequency band of around 900 MHz 
and a frequency band of around 1800 MHz, respectively. 
[0012] 

A transmitting circuit according to the embodiment 
comprises a first stage amplifier 1, a second stage 

20 amplifier 2, a low-pass filter 3, a high-pass filter 4, a 
GSM 900 frequency band amplifier 5, a DCS 1800 frequency 
band amplifier 6, and a bias voltage setting circuit 7. 
The transmitting circuit amplifies a signal that is input 
to the first stage amplifier 1 and outputs an amplified 

25 signal. The first stage amplifier 1 and the second stage 
amplifier 2 compose an input stage amplifier. 
[0013] 

Each of the first stage amplifier 1, the second stage 
amplifier 2, the GSM 900 frequency band amplifier 5, and 
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the DCS 1800 frequency band amplifier 6 is composed of an 
FET (Field Effect Transistor) or an HBT (Hetero Bipolar 
Transistor) produced by GaAs process. Each of these 
amplifiers amplifies an input signal and outputs an 
5 amplified signal. The low-pass filter 3 passes only a 
signal of GSM 900 frequency band and attenuates other 
unnecessary waves. Likewise, the high-pass filter 4 passes 
only a signal of DCS 1800 frequency band and attenuates 
other unnecessary waves. Thie bias voltage setting circuit 

10 7 sets an operating voltage of transistors that compose 
the first stage amplifier 1 and the second stage amplifier 
2 corresponding to an external control signal. According 
to the embodiment, the first stage amplifier 1 and the 
second stage amplifier 2 are operated in class C 

15 amplification. All these amplifiers and filters are formed 
on the same semiconductor die such as MMIC (Monolithic 
Microwave Integrated Circuit) or the like. A pair-chip on 
which these devices are formed is mounted on a ceramic 
multi-layer substrate. 

20 [0014] 

Next, the case that the transmitting circuit having the 
above -described structure is operated in the GSM 900 
frequency band will be described. The bias voltage setting 
circuit 7 sets the first stage amplifier 1 and the second 
25 stage amplifier 2 to an optimum bias voltage for the GSM 
9 00 frequency band. The two amplifiers amplify a 

transmission signal of GSM 9 00 frequency band. Unnecessary 
radiation waves of the signal that is output from the 
second stage amplifier 2 are attenuated by the low-pass 



filter 3. The GSM 900 frequency band amplifier 5 finally 
amplifies the output signal of the low-pass filter 3 and 
outputs the amplified signal with a power of 1 W. At this 
time, the DCS 1800 frequency band amplifier 6 stops its 
5 operation. 
[0015] 

Likewise, when the transmitting circuit is operated in 
the DCS 1800 frequency band, the bias voltage setting 
circuit 7 sets the first stage amplifier 1 and the second 

10 stage amplifier 2 to an optimal bias voltage for the DCS 
1800 frequency band. At this time, the GSM 900 frequency 
band amplifier 5 stops its operation. The DCS 1800 
frequency band amplifier 6 finally amplifies a signal that 
is output from the second stage amplifier 2 and outputs the 

15 amplified signal with a power of 1 W. The other operations 
are the same as those that were described above. 
[0016] 

When such power amplifiers are mainly composed of GaAs 
devices, it is very difficult to assure high efficiencies 

20 of the first stage amplifier 1 and the second stage 
amplifier 2 in wide frequency bands. Thus, depending on 
each frequency band, the bias voltage and the operating 
condition are varied and set to obtain the optimum 
efficiency. 

25 [0017] 

According to the embodiment, a dual-band power amplifier 
of GSM 900 frequency band and DCS 1800 frequency band was 
described. However, the present invention can be applied 
to a power amplifier that amplifies signals of other 
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frequency bands. According to the embodiment , a part of 
transmitting circuits for two frequency bands is commonly 
used. However, according to the present invention, the 
number of transmission frequency bands is not limited to 
5 two . 

[0018] 

According to the embodiment, the first stage amplifier 1 
and the second stage amplifier 2 are class C amplifiers 
that have high efficiencies, but relatively large 

10 distortions. However, according to the present invention, 
the first stage amplifier 1 and the second stage amplifier 
2 are not limited to the class C amplifiers. Instead, the 
first stage amplifier 1 and second stage amplifier 2 may be 
class A amplifiers, class B amplifier, class F amplifiers, 

15 or the like. 
[0019] 

According to the embodiment, all the amplifiers and 
filters are formed on the same semiconductor die. However, 
according to the present invention, they may be formed on 
20 plural dies or by plural parts. In this case, the 
superiority of the embodiment deteriorates from a view 
point of mounting area. 
[0020] 

According to the embodiment, each amplifier is composed 
25 of a transistor and the bias voltage setting circuit varies 
the operating voltage of each amplifier. However, 
according to the present invention, as long as the optimum 
efficiencies or frequency bands can be varied, any means 
can be used. 
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[0021] 

According to the embodiment, the power amplifiers are 
composed of devices produced by GaAs process. However, 
according to the present invention, the power amplifiers 
5 may be composed of devices produced by silicon or other 
compound semiconductor process. 
[0022] 

Next, the structure of a communication terminal unit in 
which the transmitting circuit according to the present 

10 invention is disposed will be described. In the 

communication terminal unit, an antenna that can transmit 
and receive signals of both the GSM 900 frequency band and 
the DCS 1800 frequency band is disposed. When a signal is 
received, the signal received by the antenna is amplified 

15 by a receiving circuit. An output signal of the receiving 
circuit is demodulated by a demodulating circuit. The 
demodulated signal is processed for an audio output and a 
picture output by a base band signal-processing circuit. 
[0023] 

20 When a signal is transmitted, a command for designating a 
frequency band for use is input . An optimum bias voltage 
for the frequency band is set to an input stage amplifier 
of the transmitting circuit. A signal of an audio input or 
a data input is processed by the base band signal - 

25 processing circuit. The processed signal is modulated by a 
modulating circuit. The modulated signal is amplified for 
a transmission signal of the frequency band designated by 
the transmitting circuit. Depending on whether a signal is 
received or transmitted, the connection of the receiving 
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circuit or the transmitting circuit to the antenna is 

switched by a switching circuit. 

[0024] 

[Effect of the Invention] 
5 As was described above, when the transmitting circuit 
according to the present invention is used, the input stage 
amplifier is shared between each frequency band. The 
efficiencies and various characteristics of distortions and 
others are optimized each frequency band/ Thus, it is not 
10 necessary to dispose plural input stage amplifiers. In 
other words, the number of circuit parts can be decreased. 
As a result, the size of the apparatus can be reduced. 
[0025] 

In addition, since the transmitting circuit according to 
15 the present invention has an internal filter for 
suppressing unnecessary radiation waves, it is not 
necessary to dispose the filter for suppressing unnecessary 
radiation waves downstream. Thus, the total number of 
filters required for the circuit can be reduced. 
20 [Brief Description of the Drawings] 
[Fig. 1] 

It is a block diagram showing a structure of a dual-band 
power amplifier according to the present invention. 
[Fig. 2] 

25 It is a block diagram showing a conventional structure of 
first and second stage amplifiers commonly used for plural 
frequency bands . 
[Fig. 3] 

It is a block diagram showing a conventional structure of 
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circuits for two frequency bands which are independently 
disposed. 

[Description of Reference Characters] 
1: first stage amplifier 
5 2: second stage amplifier 
3: low-pass filter 
4 : high-pass filter 

5: GSM 900 frequency band amplifier 
6: DCS 1800 frequency band amplifier 
10 7 : bias voltage setting circuit 
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1 : FIRST STAGE 

AMPLIFIER 
2: SECOND STAGE 

AMPLIFIER 
3: LOW-PASS FILTER 
4: HIGH-PASS FILTER 
5: GSM 900 FREQUENCY 

BAND AMPLIFIER 
6: DCS 1800 FREQUENCY 

BAND AMPLIFIER 
7: BIAS VOLTAGE 

SETTING CIRCUIT 



FIG. 2 

PRIOR ART 1 (EXAMPLE OF FIRST STAGE AMPLIFIERS 
COMMONLY USED FOR PLURAL FREQUENCY BANDS) 



11 12 



1 1 : FIRST STAGE 
AMPLIFIER 

12:SECOND STAGE 
AMPLIFIER 
-13, 14: LAST STAGE 
AMPLIFIERS 



FIG. 3 

PRIOR ART 2 (EXAMPLE OF CIRCUITS FOR TWO FREQUENCY 
BANDS WHICH ARE INDEPENDENTLY DISPOSED) 
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21, 31: FIRST STAGE 

AMPLIFIERS 

22, 32 .SECOND STAGE 
AMPLIFIERS 

• 23, 33: LAST STAGE 
AMPLIFIERS 
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[Name of Document] Abstract 
[Abstract] 

[Problem to be solved] To provide a transmitting circuit 
having transmission power amplifiers commonly used for 
5 plural frequency bands so as to reduce the number of 
structural parts and obtain optimal efficiencies and 
characteristics for individual frequency bands. 
[Solution] When a signal of GSM 900 frequency band is 
transmitted, a bias voltage setting circuit 7 sets an 

10 optimum bias voltage for the GSM 900 frequency band to a 
first stage amplifier 1 and a second stage amplifier 2. 
The transmission signal is amplified by the two amplifiers. 
A signal that is output from the second stage amplifier 2 
is supplied to a low-pass filter 3. The low-pass filter 

15 attenuates unnecessary radiation waves from the 
transmission signal. A GSM 900 frequency band amplifier 5 
amplifies the output signal of the low-pass filter and 
outputs the amplified signal. When a signal of DCS 1800 
frequency band is transmitted, the bias voltage setting 

20 circuit 7 sets an optimum bias voltage for the DCS 1800 
frequency band to the first stage amplifier 1 and the 
second stage amplifier 2. A DCS 1800 frequency band 
amplifier 6 amplifies an output signal of the second stage 
amplifier 2 and outputs the amplified signal. 

25 [Selected Figure] FIG. 1 



